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¢

ABSTRACT (C)

The Feltman Research and Engineering Laboratories developed a pearlitic
melleable iron shell, the XM378, 115-mm, Comp ® loaded. This shell was developed
to be used with the XMT1l launcher system and ir expected to be an im “ovement
over present artillery shell.

Three Shell, HE, 115-mm, XM378 were fragmented to evaluate fragmentation
characteristics. The test results indicate that the shell will produce 32,115
fragments, with an average fragment welght of 5.11 grains, and a mean initial
velocity of 4279 feet per second. Forty-four per cent of the fragments were
in the weight group O to 1 grain.

It is recommended that an effort be made to reduce the number of small
{0 to X grain), fragments produced by this shell. Further development is
recommended in order to achieve this purpose. ’
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1. (C) INTRODUCTION

A requirement exists for a self-propelled artillery weapon system to provide
direct support to infantry, airborne and armored divisions. As present weapons
approach their optimum in development, it becomes necessary to develop & new weapon
to obtain improvement in artillery tactics. The rocket offers a definite promise
in supplying the required advantage needed by field artillery in providing direct
support.

The 115-rm, XM378 shell which has been developed at Plcatinny Arsemal to be
used with the XM71l launcher system is expected to be an improvement over present
artillery shell. The body of this shell 1s pearlitic malleable iron which weighs
approximately 22 pounds.

2. (C) DESCRIPTION OF MATERIEL

The following materiel was used in this test:

Three Shell, 115-mm, XM378, Composition B loaded, Lot No. PA-E-29784. This
shell had a two-piece body made of pearlitic malleable iron brazed together just
forward of the rotating band. Both pieces weighed approximately 22 pounds. The
shell was modified to the extent that the large stud on the base of the shell ; &s
shown on drawing No. DXP-107800, Appendix A, was removed , &nd the base tapped for
a brass plug which was screwed in flush with the base of the shell (see Corre-
spondence, Appendix A). The composition B filler had an approximate weight of
10.4 pounds.

Three Fuzes, PD, MS51A5, modified for static firing. No lot number.
Three blasting caps, electric, type II.

3. DETAILS COF TEST

3.1 (U) Facilities

The facilities used for the fragmentation test consisted of a rectangular
arena arranged around the ammunition. One half of the arema contained 180° of
recovery surface and the other half 180° of velocity targets.

The fragmen'-recovery area consisted of a wooden structure which contained
L- by 8-foot by 1/2-inch sheets of composition wallboard placed upright to a
depth of 4 feet. The wallboard was gridded into 10° zones , annular zones from 0°
to 45° and 135° to 180°, vertical zones from 45° to 135° (zone 1, 0° to 5°; zone 2,
5° tc 159 zone 3, 15° to 25% etec.). In addition, two boxes, 4 by 8 by 3 feet in
depth, were filled with composition wallboard and placed outside of the test arena.
One was placed at the nose end or 0°, and the other at the base end or 180°, both
35 feet from the center of the test setup. These recovery boxes were used to
obtain additional information from both the nose and base fragments. This was ac-
complished by subtending the arc of both zone 1 on the nose box and zone 19 on the
base box, which made it possible to recover a better sample of fragments that pene-
trated the wallboard in these two zones.

Figures 1, 2, and 3 show the plan view and pictures of the setup.
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PLAN VIE:. OF TEST SETUP
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picure 3 - 2801 ieneral View of Test Jetup Showing Zoning for
raginent Recovery.

“he fragrent-velo:ity setup consloted of two 1900, rectanzular, verti.
walls constructed 2 feet hich, and set ¢ inches apart with vertical supports
every k feet. ‘he outer well contained ok sheevs of duralumin, each b by &
feet by 0.025 in:n thi: with the outside sur'a:c painted blazk, and sridded
into 2-foot horizontel sc:tions and 1¢ zones verti-ally which corresponded
with the zones :ridded on the wallboard. ¥Fi urec 4 and © Lhow velocity-target
pridding;. The perpenditular distance frorm the coenter of the ammunition to

the duralwdn at 0°, 0% nnd 160° yas 24 Ject.  Tue inner wall was conposed




of 0.000-inch alumimwe: Toil whi i vas useld oo seflestor for the number 20
flachbulbs placed at intervals Letween the wnlle “-iine bulbs for each k-foot by
-1root target area). ‘Theow bulbs were timed o be at their maximua brillian:e
when the fragments perlorated the velo:i.y targets. Flashbulbs were also
placed around the outside oi the arena, and pocit? .ued to illuminate the
veloelty tarsets so a record of the griddin; .u.d be visible on the hish-speed
filn. The flashbuld runction was synchronized .«v means of an electronie
cequence timer which assured thac the outcide ..dbs be out bel'ore the frogments
struclh the velocity torgeto.

Four high-speed melion-picture coaers  operating ut a speed of approxi-
nately 10,000 frames per second and equipred v L oo uency standards and
electronic timing devices were positioned wro. U L Largels to photlograph
both the detonation of the chell and the impn: it or [ragments on the velocity
targcets. To insure positive identili:ation ol detos~-iorn, the caueras vere
Tocused throuch a cylinder of 1/1d-in-h cnrll oo irhee in diameier which
was placed throush holes i in the lureloadin . iwii. Views of the flash-
bulb reflectors aud cardtosrd cylinlers ia peesion o shown in Fipures b wund .

Pigure I - 59T3.23: «eneral View ol Vel. i, ,argets Showing Sridding.

Figure I - »0T3827: General View of Vel .city inrgel. Chowlng Gridding.
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PM 80-16, Volume IV, contains further details of flashbulb installation
and velocity measurement technique.

A richochet stop was provided for both the recovery area and the velocity
targets to prevent fragments that struck the ground from ricocheting into the
recovery or velocity panels. OpM 70-90, Volume 7, contains other details on frag-
mentation procedure.

3.2 Procedure

(U) The shell and component parts were weighed and the recorded weights
are shown in Table I.

Table I (C). Shell, 115-mm, XM378, Lot No. PA-B-29784

Weight
Weight Fuze )
Weight Explosive Weight M51lAl Welght
Empty, Comp B, Loaded, Modified, As Fired,
1lb lb 1b 1b 1b

1 22.16 10.39 32.55 1.5 3L.06
2 22,04 10.41 32.45 1.51 33.96
5 21.63 10.52 32.15 1.51 33.66

(U) Each shell was assembled with Fuze, PD, M51A5, modified for static
firing, and placed individualy on a woodep pedestal at the center of the setup.
The pedestal was constructed so that the horizontal centerline of the shell
corresponded with the horizontal centerline of both the recovery boxes and velocity
targets. The nose of each shell pointed toward the edges of the composition wall-
board and velocity targets at zero degrees. The shell was detonated bv using a
blasting cap, electric, type II initiated by a 110-volt power scuine.

(U) After detonation of each shell, a plot of the position of each hit
in the @uralumin targets was recorded om graph paper. This was used to correlate
with the image of hits obtained on the high-speed film, Then, knowing the distance
from the shell to the target, and the fragment travel time (which is obtained
from the high-~speed film) the individual fragment velocity wes computed.

(U) Tbe fragments that impacted the wallboard were located by using an
electronic metal detector. After being located the fragments were identified and
recovered by zones, cleaned, weighed, and tabulated. The individual fragment
weights are found in Appendix B.

" (U) A sample of the recovered fragments, identified by zone and segregated
into weight groups, is shown in Figures 6 and 7.

Tables II, III, and IV show the distribution of fragments by number and
welght group.

7
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Figure 6 - 1315-81-2T59: Recovered Fragments of Shell, 1iS-mm, M378
Composition B loaded, Zomes 1 to 11.
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Figure 7 - 1315-81-1759: Recovered Fragments of Shell, 115-mm, XM378
Composition B Loaded, Zones 12 to 19.

i i TR TR
WIS T
9

3 Gopy
B t /\n. BRI ,,..; B . A\Jﬂ \ ,3‘0 COD‘!
. 26S




o
N
&Y

A o] Y o

Q=G

CONFIDENTIAL

2
-
:
;

o) g
U] |
0
1

G-2

C

.
UA)
\O
(&7
)
Ly

Ca e [Of - raf (i1 o

.
U

(@]

a=T

T=0

| O
.
[¢A}

t~=|0n
= O

-

bl [ é BH
dINO7Z ANOZ oz aNOZ STV. bm”mh"w :

LHOTEM

0

LEDTHN NV JIIN0N 1€ SINFWOWLL 40 NOLINGTILSIA

& UOT3TSOdu0) 9 RTITE

565T Isquaao;] # -CBIT BIVQ alex wm-¢ry 3LL

AYJACOTE LNINWOVHA
(5) IT TTEVL




m.
a
[Ty
S
o

2 DOOT

000T-0SL

051-00S

005-00%

00t-00€

00€£-052

062-002

002=-0ST

05T-62T

GeT~00T

6
W™OZ-

e} L 9 4 K €

MW M

LEDTEM ANV SHGNNN A9 SLNIWOWL J0 NOLINGTYLSIQ

IEDTHM

STYMEINT ~

g wolaIsodmo) YFTIII

6GAT Ioqmaaol f SAWWITL TLVA

QLOMX mu-GTT EIKL

AYTAODTY LNIWODVHA

CONFIDENTIAL




CONFIDENTIAL

gr sl qU Lo “In
0 T oy | 00T-06
g0°g%c 90"ER “In
€ T o1 90608
on* InT 0oL “IM
2 T “oN og-oL
g3 C61 0a"Eg TIA
|9 T “ON oL-09
4L €52 M
[ on | 0970%
2 Ott 20T “IA
g o “oN 05-6€
6cT052 0c°tcT =5 t9°In “TA
=3 ¥ T 2 K
ML [Eepee] “IA
12 3 “ON Ge=02
gL 2L TGSt | an 16 | oL 1k %0°6T SRT5T “IA
53 2 T z T T ~ON 02-ST
Te o5 052t | 26'2l | 1oy L*I9| 6T°0% | “am
9 T 3 T g | “ON ST-0T
£9°0%% TCLT | ST°9% | WSt 7R 15° TULT] *In
€9 2 Z % T 3 2 “OK 0oT-q
“034 20°¢h | LT°Eq | GUEE 13°9 (S 20T I,
52 910% Tr°TE | G0°%0t| ol IE | #w'E | 25°9T | o4 ot w29 TR GE[ -aMm
N ot 7€ X4 T 9 4 = T [ ~ox §=2
YA G6°a | 64°69 [ 9L°Ht [ ¢p°1 | #9°C | og9°¢ | ST #U| +A°LT| -Ia
T5S 9 il €2 T 2 z ot 2T | -ox et
“Ue Gee | a2 | ©6°%8 | rom | 9 | ¢l | 0'a | I8et] Cia .
o8 2T | aL m e - 9T = g | ox o
TVIOL 6T 9T 1T 9T ST 4T €T r44 IV T
FOZ | ANOZ | GNOZ | ENOZ | INOZ | SNOZ | TNCE NOZ STVAEUT
IEDLAM NV SAgM0N X6 SINHWOVEL 40 NOLINGIMISIC dEDTEA
q 83#»0&8 SYITIIL
T :°0ON @NOY 6C6T IoquasoN i CRILI EIVA Lo m-GYT :9dAL

AYFAODTY LNIWOVYHAL

12

CONFIDENTIAL




66°€9 | TE*09f
< cg

X240 B 000T

oooaum&.,

06L~008

005-00Y

00H=-00€

00€-052

062-002

CONFIDENTIAL
CONFIDENTIAL

002-0ST

ceT-42T

" 62T-00T

6T gt JAS ot mH 11 S . NIWID NT
ANOZ G13(074 51(074 ANOZ TNOZ ANOZ y STYAITINT ~
IHEOIEM

LEDTAM NV HEEANN X9 SINGWDWIE 40 NOTINGTEISIA

g UOT3TSOCMOD  ¥FTILL

T  :°ON @Nod 6G6T aoomenoN 4  QEILd ZLVA QLD mm-grT  FEdAL

X¥FA0DTYH ININWDVIA




9T 0t
T

79" 92
4

CONFIDENTIAL

S 9c
T L
£4°2T L2
Aww: T z
* co°T AR °
T T 3 < 0

9T 6T e

. LHOIEM

. |
<
-
z
(V]
Q
(T
o
OV

IEDTHM ANV SAgWN X8 SLNTROVEL 0 NOTIQGTILSIQ

T OTITSONO) s wTITy
6G5T IoquasoN 4 QRILI ELVA . Lo wu-CTT *EIAL

AYMIAODTY INTFWHVHAL




- . |
m <
E =
wu 11
a a
F ]
Z =
9 S

ggT | €6t
WIOL | &NOZ| @NoZ | © | TWUOL

LZHEDIAM QNV Ya9WnN X9 SINHEOVWI 40 NOLINGRLLSIA

6S6T IoqUaAON 4 CRITA EIVA
AUITAODTY LNIWOVHA




CONFIDENTIAL

» » L ] 3
0996 "M 00T-06
T “ON
. 06-08
‘0N
0T° QT2 *IM -0l
£ - ~oM o3
35" 16T 0S89 “IA oL
£ T oM "9
£0°192 02°TS “IM 09-05
mw - T ‘oN
2" 868 | 99° LA | 05-5€
OT 2 ‘0N
ET2E5 | 29°e4T| 2T°G2 9€-62 octe | *am ¢e-C2
ot 4 T T T *ON
werllz| 9e-gR 2R°22 | 00"ty | “IM ¢z-02
A Ui T Z *ON
23°65n] ST°OET] 05°6% 58°LT IM 02-CT
82 3 3 T ‘ON-
rO*6T4| L9*TOT| 95°G2 b v TI°GE ' Im CT-0T
%€ ST 2 z- i k3 “ON
2c Gce| €5 t0T] OT°5T cC*6 I 60°9 *IM oT-9
2 2T 2 T 9 T *ON
53°202| 6.°02T] 0892 0C°TT A ¢l tT *IM 9-¢
M| oT 1 < ° c *ON
29° 562 | #6€ET] 3670y | ¢6°gT 2t°g gL' 3 €T°S TL°6 *TMA ¢-2
Cch T4 R 9 € 1 3 2 2 “ON
2 | on'my | torae | ferl | wUE Gl ¥ 6¢°g lol*n | -am -1
2C T L Q [ 3 9 Ia “ON
qrees | Livmz [ 68z | €1tn €2y TL°T 452 99°0 o 09°6 59°9 | °IM -0
63T 73 X LT £T 9 5 L] i JA s L2 “ON
TT oT 5 [#] L 9 4 b € c T TV NT
TH0Z TOZ 202 &i0Z 0% qi0Z TIOZ =02 OZ | TOZ b213(074 STVATEINT ~
IEOTIM
LHEOTAM ANV YHGAON X SLNIWOWIE 0 NOLINGTMISIA
9 voratsodmoy SHITIT
2 1°ON QNnoY 6G5T I9quAACt 2T *CRIL FIVA QLEX wmu-GTT EJAL

AHITA0DTY LINTHOVUEL
(5) IIT stasn

16

CONFIDENTIAL




CONFIDENTIAL

=l
g
-
b 4
(7
Q
[
4
O
O

ol o] o B 0] 4 P

00°TTT
T

== ]

6 g L 9 4 1 €
@moz | moz | moz | moz | moz | moz | oz

IEDISM QNV MSEWON X6 SINZWOVEL 40 NOLINGDISIQ

g worgtsodmo) SHATIIE
6G6T JIoqmuaaoy 2T SCRIIL ALWT QLEMX wmu~GTT SEIKL

X9FAO0DTY INTFWNDOVHI




HO*CT -
c 8-

LE+22
9

001,u -1
A

% &89

= 5 -0

CONFIDENTIAL

=l
<
-
Z
a
o
[T
y 4
o
8

6T

it ST 1T
NIVD M
ENOZ ENOZ | ENoZ | | E STVATEINT

JEDIEM

IEDIEM @IV STENNN 19 SINTHOVEE 40 NOIINGTYLISIC

€ uoT3Tsoduo) 9XTILL

6561 Taquancy 2T SCBILI TIWT LOX wm-oTT

X¥ITAODIY LNINDVHAL




ISA0 PUB O00T

000T-05L

04L-005

005-001

004-00¢

00€£-0%2

CONFIDENTIAL

0562-002

CONFIDENTIAL

002-051

05T-62T

S2T-00T

6T ot IR 9T ST 1T -
INOZ | ENOZ | ENOZ | MNOZ | _ENOZ | mNOZ mﬁﬁ VD NI
IEDTIM

dEDTHM ANV SIGNON X9 SINIEOVIA J0 NOLIQEIYLSIA

g worarsodmo) SWATILI
QLOT ma-GTT  SEJAL

2 :°ON @Muoy 6C6T xoquaroy T ABILL TIVT

AHITAODTY INTNOVHIL




22 05T

CONFIDENTIAL

—ll
<
=
y 4
(7]
Q
ik
o
O

e
Ge 602

o5

=
7
{

T sWRal

iy
pueid

29T
ANOZ

TVIOL

IHOTEM ONV SEEGON X8 SINEOWL 40 NOLINGTMISIQ

d uorytsodmos  SYRTILI

4

:°ON @nod

655T Iacue0y ZT *ARIL AIVQ

gLeT Wi-STT *EdAL

XUFAOOTY LNINOVHA




CONFIDENTIAL

1240 PUB 0007

000T-05L

0$.L-00¢4

006-001

cox-oo€

00£-0¢2

CONFIDENTIAL

072-002

002-04T

06T~42T

¢2T-00T

T

«gT
TYIOL |  @HOZ

gaT
02

TVIOL

IEOTIM ANV Y3GiON 19 SINHOWL J0 NOLINGIHLSTA

g woTatsodmo) IHETILL

GSAT Jaqumsaoy ZT ORI FINT

QLo wm-CTT :B3AL

AYIA0DFY LINHNDVHA




He TLT
2
on-ght
<
09" 19
ks

Of° gt
L

70° QL
6
BT

=4

<

<

[

ot

CONFIDENTIAL

-l
<
[
- 4
[ 7]
=
[T
S
O

I

9.

0L°T . o
ot 02 I 3 A

6 9 ¢ q €
ANOZ INOZ HNOZ aNOZ HNOZ HaNOZ {0z

IEDIIM NV TN 26 SINGWOWE 40 NOILINgTILSIA

§ uotTaTsodiiol  SMATILA

€ 3:°ON @OY 6CAT a3quar0y Oz <ORILL ALVA QLEX wa-GiT BdAL

A493TA0DTY INTNOVHA
(0) AI a19mL




wad
<
-
b 4
Al
a
Ak
4
o]
v

19°2T6¢

899

I8A0 PUB Q00T

000T-0SL

06.L-0064

006 =00t

00%-00¢

00£-062

0¢S-002

002-0GT

0ST=62T

62T-00T

-

o
aNoZ

8 L 9 g 7 ¢
ANOZ HNOZ INOZ WINOZ dNO0Z NOZ

NTWED NT
STVATELNT
IEDTIM

JEDTAM QMY AN X9 STAEOWE 40 NOTINGTILSIA

g uorgrsodmos; SUITITEL

€ :°0ON @NoY

6G6T Iscuwaroy o2 ~ABI4 ELVQ

gL wu-CTT  EJAL

AMTAODTY INTWNOVYEA

CONFIDENTIAL




-l
<
o
Z
A
a
(TN
z
Q
O

1S TLT

c

ch-gxt
c

22719

T

05" I

3

535

S9TTET

318
L

£

€87

o1

cL T5h

oc

SO HCL

=%

LS50

o[ CJ

O
!

| QAL

N~

\o
v

-6

1y

O

G
o]

¢

e-1

«|CY

Q
~

[gV

T-0

\D

)
@)
.
1 e | I o NG

61
P ANOZ

9
INOZ

aN0Z

HIWED NI
STVATSINT
IEOIIM

IEDTEM ANY SHGNON Xd SINFWOWEA JO0 NOLIQITELSIA

g uotytsodio) SHATIIHL

GGAT I2amaAn0l 02

SCEIA ALV

Lo wm-STT &AL

AHITAODTY LNINWOVAEL

CONFIDENTIAL




90°0295
9Lt

1940 PUB 0007

000T-05L

0%L-006

00%-001%

oow\%m < - 004-00€
00°Lg2 . 00€-0<e

L

o%e-coc

CONFIDENTIAL

ad
X
[
b 4
(']
Qo
™
o
O

002-0¢T

061-62T

¢cT-00T

61 ot 1T gt T 1T 2T

7 I . . NIVSD NI
ANOZ | mNOZ | W07 ¢ MOZ | MOZ | @OZ THOZ oD i

IBDIEM

GEDTHEM QMY IIENON X9 SINAWOWA 40 NOLINETILSIQ

g woratsodmol SHIATITX

o

6CET I2qUBACLL 02 EBHIE IIW] GLEX wm-<T1T CEAL

XHTIAODTH LNINWDVHA




ol
X
[
b 4
a
Q
[TY
o
O

e TLT

c

05" 3T

-
<

0L 12T

c

05" T
)

576

7t

TQ°£E6

6T

9t L5

ge
5gLEL

£h

17°200T

QT

20°9T

<T

00° LT

6%

IVIOL | &aNOZ dNOZ

LEDTEM ANV SAGINN X SINEWNDOVEL A0 NOILNGTIISIA

g wotaTsoduol

:°ON @No¥

656T I2QuaA0T 02  QEIId MILVd

XHFA0DTH INFWOVYHA

CONFIDENTIAL




b2 1604t
THot

oowao»m i “IA 1240 puB 0007
oowm g : 000T-05L

0¢L-006

-

00<-C0Y

00%-00¢€

oo€-0¢2

062-c0e

CONFIDENTIAL

-d
<
—
4
Wl
Q
s
3
O

002-0¢T

04T-¢2T

62T-00T

€91 46T
- . NIVED MI
TVIOL | @NOZ | ENOZ | ‘TVIOL STVATEINT

IHDTEM

LHEOTHM QNV YEGWNN X9 SINDEOWE J0 NOLIMNERILSIQ

g uotatsoduor SUATIIA
665T IaqusA0l Q2 ~AWIId HIVd €LEZ w-STT  FEdAL

AHIAODHY LNIAWNOVHAL




CONFIDENTIAL

3.3 Analysis of Data

(U) The initial velocity (V,) of the fragments was obtained by usirg the
rollowing equation:

ar
Vo=V & ml/3 -1
ar

wl/3

photographic velocity, fps.

- distance from shell to target, feet.
my, - the representative fragment weight, grains.

a =12 Kip k -2/3; where K is the fragment shape factor, p is the air

density in grains/inch3, and K, is the representative fragment drag
coefficient. For a more compléte and detailed definition sece Appendix C.

The initial fragment velocities for each 10° increment are shown in Table V.

Table V (C). Average Fragment Velocity and Density,
Rounds 1, 2, and 3

Initial Velocity, Density
Zone Degree {ps Fragments/Steradian

0 2100 1707

10 1950 392

20 8o550 oL

30 83200 Lo

Lo 3800 265

50 3000 300

60 1900 267

70 5550 GOk

9 5o 6200 212k

10 90 T300 6300
11 100 6300 13,999
12 110 7200 1112
13 120 L4500 2140
14 130 3150 900
15 140 4100 369
16 150 3300 239
17 160 3250 2780
18 170 4350 4513
19 180 4600 959k

“interpolated value.

(U) Table VI presents the number and weight of fragments recovered and
the integrated data scaled to 100 per cent recovery for each round.
28
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Table VI (C). Actual and Integrated Recovery
Actual Recovery

Average As Fired
Total Total Fragment Metal Parts
Weight, Number of Weight, Weight,
gr Fragments® gr 1b

14,374,212 1886 7.62 23.67

14,593.25 1833 7.96 23.55
1h,691.28 1841 7.98 23.14

Average 14,552.88 1853 7.85 23.45

8Including fragment recovery from the extra nose and base boxes placed at 35
feet.

Integrated Recovery

Average Scaled
Number Fragment Numbexr
Weight, of Weight, Per Cent of
1b Fragments ar Recovery Fragments

1 22,26 31,836 L .90 9k.1 33,841
2 21.17 24,903 5495 89.9 27,717
3 20.18 30,328 4 .66 87.2 34,787

Average 21.20 29,002 5.11 90.4 32,115

(U) The total number of fragments produced was determined by the
following equation:

M
N = Z*’fo— @ 'sin8 de
s ]

where (57) = Scaled number of fragments per unit solid angle
(Steradian).
© - Angle from axis of shell as measurd from the nose.

See Table V for fragment density.

(C) The data in the above table shows approximately 20 per cent Ffewer
fragments for round 2 than for the average of the other two rounds. A further
separation was mede to more clearly define the differences in the scaled number
of fragments for the three rounds.

(U) Table VII presents the total number of scaled fragments per angular
interval.

29
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Table VII (C). Total Scaled Fragments per Angular Interval

Round No. 0° to 75° 75° to 115° 115° to 180°

1 1315 27,691 4836
2 008 20,392 5317

2
3 1296 28,224 5266

(C) As shown in Table VII, approximately 79 per cent of the fragments
were in an angular interval extending from 75° to 115°, A difference of approximately
8000 fragments is shown between round 2 and the average of rounds 1 and 3 for this
same angular interval. Since 4l per cent of the total fragments were in the smellest
weight intervael (0O to 1 grain), a tabulation of the number of fragments excluding
the fragments in this weight interval is given in Teble VIII below.

Teble VIII (C). Number of Fragments per Angular Interval
(Excluding Fragments Welghing Less than One Grain)

Round._No. o to 75° 75° to 115° 115° to 180°  Total, 0° to 180°

1 700 14,873 2631 18,204
2 801 13,224 2676 16,701
3 564 15,539 3117 19,220

(C) From these data it is apparent that most of the difference occurred
in the number of fragments weighing less than one grain. However, it is indicated
thatround 2 produced slightly heavier fragments.

L, (C) CONCLUSIONS

It is concluded that:

a. Shell, 115-mm, XM378, Composition B loaded, will produce an average of
32,115 fregments weighing 5.1l grains, and having a mean initial velocity
of 4279 feet per second.

Forty-four per cent of the total number of sceled fragments were in the
weight interval of O {to 1 grain.

Seventy-nine per cent of the fragments were found to be from the 75° to
115° angular section of the shell.

A lethality study is being conducted and will be reported under separate
cover.

30
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5. (C) RECOMMENDATIONS
Further investigation should be conducted regarding the use of different
tensile strength pearlitic malleable iron shell casings for the development of a

shell that will reduce the number of small fragments (O to 1 grain) produced by
the XM378 shell.

SUBMITTED:

1T FRempeany

Ordnsnce Technician

REVIEWED:

V. L. GRAF:%N QE.:'E‘. ‘B‘R%W?hg‘ '

Chief, Terminal Effects Chief, Infantry and

and Special Projects Branch Aircraft Weapons Division
APPROVED:

Y

Assistant Deputy Director
for Engineering Testing
Development and Proof Services
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APPENDIX A
Correspondence
ORDNANCE CORPY
PICATINNY ARSENAL

DOVER, NEW JERSEY
Mr. J. V. Segarese/sjg/2251

IN REPLY :
REFER TO: Me2s 9 -3 P
muruAmusZelécn AND ENGINEERING LABORATORIES

ORDBB.

SUBJECT: Shell, IE, 115 mm XaB78 (Project Mo, TW-201) (U)

TOs Commanding Genersal
Aberdeen Proving Ground
Moryland
ATTENTION: ORDBG-DP-TI (Mr. !, Raabe)

1o (C) It is requested that complete fregmentation datae be ob-
talned from three of the five 115 mm XI1B378 IE Shell furnished, The
desired data should include frogment velocity, fragment moss and spa-
tlel distribution, The data thus obtained vill be used 1o determine
lethality of subject shell, Iragment velocity is expected to he in
the order of 5455 £/s,

2, (U) It is desired that the Lnelytical Laboratory oversee the
test procedure and set-up., Iurther, it is desired that the Analytical
Laboratory reduce the data and put the information in a form acceptable
to the Weapons Systems Laboroatory of Dallistic Resecrch Laborctoriles,

3¢ (U) The Weapons Systems Laboratory of Dallistic Research Labora—
tories is requested to calculate the lethality of subject shell based
upon the freagmentation data furnished,

4e (U) The shell metal parts weights have been token and are fur-
nished herewiths

Sliell Nog 1 = = = = = = = = 22,16 1lbs,
Shell No, 2 = = ~ = = = = = 22,04 lbs,
Shell Noy 3 = == == = = = 22,22 lbs,
Shell Noe 4 = == = = = = = 21,35 lbs,
Shell Nog § = == == = = ~ 21,63 1bs,
5o (U) The loaded shell weights have boen token and are furnished
herevwiths
Shell Noe 1 = =~ = = = = = = 32455 lbs,
Shell Hoe 2 = == = = = = = 32.45 1lbs,
o) Shell Hoy 3 = =~ = = = = ~ 32,62 1bs,
Shell Noy 4 = =~ == = = = 31.91 lbs,

Shell Nog 5§ = = =~ = = = = = 32,15 lbs,
The above shell are to be fired in the order of 1, 2, 5, 3 and 4.

% zfo.;/vé, .

ec-*/-7  CONFIDENTIAL 7777
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(RDBB-TE3 470
SUBJECT: Shell, IE, 115 wm X378 (Project No, ™W-201) (U)

6. (U) Drawings Nos, DXP-106156 and -107£00 delineating shell
metal parts and loeding assembly, respectively, ore inclosed, Although
a large stud is siown on Drowing No, DXP-106156, this stud has been re-
moved, On Drawing No, DXP-107800, inert filler is indicated which has
been repleced with . B, (Comp B) filler.

7. (U) The priority of this work is 14; on early test is reques=-
tede It is deslred that notification of this test be furnished at lenst
three days in advence of the test to permit attendance by interested
personnel,

8. (U) Funds required for tiis test have been estimated at $4,000
er shell. JMAccordingly, since data from three shell ere required,
v12,000 is furnished herewith, In the event of an unucusl occcurrence
viich necessitates additional testing, funds will be furnished subsequently,
Tunds cmownting to $12,000 on LIF Order No. 07110100-99-60037 have beecn '
forvarded.

PR TIE CQIIAIDER:

i “‘/

WK

V.{Incls A

i
1-2, Prts Dugs. I\{os.

DXP-106156%hd

=107800 (x>

cc

AFG, ORDBG-D(PS,
dnalyticel Lab

AFG, ORDBEG-ERL,
Wpns Systems Lab,
v/Incls1& 2
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APPENDIX B
Individual Fragment Weights

115-mm, XM378
Round No. 1
L November 1959

Zone Weight

6 9b.14
11.10
11.00

b7
2.70
2.42
1.72
0.80
0.74
0.50
0.28

.OOOOOO
000008

=\
O
OFRKFRNNFVUOEEIH
VAN A A

R R R R B B R I I B R

Total  130.17

T 15.80
L.80
3.06
2.78
2.72
0.97
0.20
0.13

Total 30.46

8 5.00
4.87

LWWWWWWW FEEFEuwunuuy OO
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Weight

t

Wei

Zone

~O OO0
L B I = I ]

10

10

ooooo

2222223588555 53339995y

oooooooooooooooo

0000000000000000

000000000000

oooooooooooooooo

-------

[\p]
o
-
0000000000000000 % mm*m%n&&

Total
11

88388883

O\
[TaN

e b b b b b b b B R EE B E RN

oooooooooooooooooo

ooooooo

(e NeNoNe)
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Zone  Wetgnt

1l 17.05
16.57
16.27
16.13
15.97
15.96
15.62
15.53
15.28
15.00
15.00
14.69
14.65
14.56
14.46
1k.17
1k.12
14.10
14.07
1%.01
13.80
13.41'
13.21
13.07
13.03
12.89
12.79
12.71
12.60
12.53
12.10
11.92
11.82
~1.60
11.55
11.46
11.12
10.80
10.80
10.79
10.75
10.75
10.70
10.61
10.60
10.52
10.45
10.44
10.15

9.99

\O 0 \O
hS ]
3 2%

ke
ko
25
25
23
05
02
90
85
84
7
s
58
53
50
35
30
27
20
13
05
98
91
67
66
56
55
38
37
35
35
25
23
10
09
oT
ok
ob
97
95
9l
ol
93
80
70
60
53

7.
7.
7.
7.
7.
7.
7.
7.
7.
7.
7.
7.
7.
7.
T.
7.
6.
6.
6.
6.
6.
6.
6.
6.
6.
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Code
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t Grain
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Wei
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X
=
p 4
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Q
z
O
O

Zone
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Zone Weight

3
>4
ot

o
wn

1N ' 13.67

8888

N N O o N U
LR B R BB B B B I I - I |

5507.00
0.99

5507.99

W o
NN O

wwwu @
VoW

No. 1886
Weight Grains  1k4,37h.12

=W
O

oW’
£ O

Code: F - Fuze
B - Brass
NR - No Recovery

=
RN

5.
3.
3.
3.
3.
2.
1.
1.
1.
1.
1l
1.
1.
1.
0.83
0.
0.
0.
0.
0.
0.
0
c.
0.
0.
0.
0.
0.
0.
0.
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155-mm, XM378
Round No. 2

12 November 1959

Q
o]
jo 7}
[pd

’d’=.1°=.|'*.1'=:|’=:!’=:|"-‘:|'=:|"4'!1'11'21"1"11'!:I'!-:I”-:I’d"j'd“ﬂ’#’#'d’d"]"j"ﬂ*d"ﬂ"i"i"j’d”]”i"i”i"i”] ’

Zone Weiggt

1 5185.00
180.00
33.20
22.90
20.10

Zone Weight Code Zone Weight

2 68.20 5 1.42
1.6k
0.82
0.50
0.u47
0.24
0.19
0.1k

F

F

F

F

F

F

F

F

F 0.06
f 8:8%
F Total 185.T4
F

F 6 111.00
F 96.80
F 25.36
F 12.50
F 11.79
F 3.03
F 2.37
F 2.92
F 0.70
F 0.43
F 0.20
F 0.13
F

F

F

F

F

F

F

0.20
0.05

OMNOOWVMIO OO

.08
i
6
.3
7
§
.3
.3
i
.3
i
.3

Total 267.48

7 9.00
6.35

5.15

Total 1173.96 1.64
1.50

3 NR 0.84

OOOOOOOOOOOOOOOHOOI‘-‘I—‘HI—'HI\)

(@]
Ui

o
\Nn
[02]

L 0.22
0.17
0.18
0.09

0.66

176.00
2.78
1.36

[eNeReNeNoNeoNoNoNeNo)
N
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Zone Weight

9 4,52
3.62
4,50

=
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3.
3.
2.
3.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1

Q.
1.
0.
0.
1.
0.
0.
0.
0.
0.
0.
0.
0

0

0

0.
0

0.
0.
0.
0.
0.
0.
0.
0.
0.
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Weight
4
3
2
2
2
3
3
3
2
L
2
3
2
2
3
2
2
2
1
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1
2
2
2
1
1
1
1
2
1
1
3
1
1
1
1
1
1
1
2
1
1
1
1l
1
0
1
1
0
0
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Zone Weight

1 37.62
32.84

33.00

42,28

38.40

34.00

43.12

44 . ho

34.00

32.52

35.80

ko.12

34.00

31.40

29.24

28.98

26.70

26.80

26.30

23.56

26.64

26.9%

27.40

24,35

26.07

28.90

22.14

24.08

24.50

26.40

19.60

16.10

23.90

21.30

1062.98 21.87
22.79

4. 04 23.70
55.68 18.10
61.k2 17.39
T1.00 18.73
66.00 18.65
73.06 17.42
51.72 22.65
55.00 15.87
51.28 15.25
64 .24 13.56
53.40 16.45
43.90 17.42
37.22 16.65
37.00 16.14

W =W &N
VIOWw o &=

coo
L)
W FO

n -
o w

o.
0.
0.
0.
0.
0.
0.1
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
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F - Fuze
B - Brass
NR - No Recovery

Total 113.30
Total 1k4.67
Weight Grains 14,593.25

t-oma AN NUEINO o MOONO INNMUINOVIN QAL NO OGN 505 _.73
(1 K4 TN 687‘4.&.5\43\4322233%33 lHlQl@%Ouo
l

B-27
CONFIDENTIAL

wd
X
=
=
w
a
[TH
o
O

—. mmMAaMmMMmMAmMaMIMAMmMoAaMmAaMMMAMAMMMNMAMAM

(12 X4p] [\ Ne] w1\ 1N wn [T\ m o A}
YNNG Y985 YYIVEDLLEE8LR L8888 EZEE

Total 121.89




CONFIDENTIAL
115-mm, XM378
Round No. 3

20 November 1959

Zone Weight Zone Welight ‘ Zone Weight

IN  5761.00 1 0.15 7 0.20

24.20 0.13

21.64 0.10 Total 4.88

15.07 0.09

10.13
.09 Total 54.42
23
45
.15
.05
.89
.82
.55
.55
.54
.22
.13
.02

2 835.00
267.00
103.00

25.76
21.k45
15.90
8.70
3.30
2.2

Total v1282.37
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Total 5843.03 3 54.50
38.32
2N 62.82 4.85
10.13
5.73 97.67
k.70
0.80 ‘NR
0.40
0.24 2.4
- 2.11
Total  84.82 0.72
0.60

5.84

1l 2k.72
5.4
b.72
biko 10.80
5.18
2.53
0.60
0.k2
0.28
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Zone Weight

11 10.65
10.62
10.57
10.52
10.50
10.47
10.42
10.40
10.32
10.22
10.20
10.13
10.08
9.88
9.75
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9.50
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9.25
9.25
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APPENDIX C

Anclytical Laboratory Report 60-AL-18
5 February 1960

Title: Results of Frogmentation Test of 11l5-mm Shell, HE, XM378

Project No.: TW=201/01
Prepared for: Bomb & Fragmentation Br, Inf & Acft Wpns Div

(U) INTRODUCTION

A static fragmentation test was conducted to obtain the velocity, mass, and
distribution of fragments for the ll5-mm HE Shell, XM378, Comp B loaded. Three
shells were detonated for this purpose. This report discusses the procedures
and results of the test and presents the data in the form required by the EDVAC
for lethality studies.

(U) DESCRIPTION OF TEST ARENA

A square fragmentation arena was used for this test. In this arrangement,
the recovery area consists of sheets of cellotex stacked to a suitable depth
and placed in a rectangular pattern from 0° to 180° as measured from the nose
to the base of the shell. The other side of the arena, also rectangular, was
used for velocity measurement. The velocity panels consist of 4 £t by 8 £t
sheets of 0.020«inch dural with photoflash bulbs mounted behind them for backe
lighting, and aluminum foil to serve as a reflecting surface,

Since the shell is symmetrical about its axis, the fragmentation
characteristics are assumed to be symmetric; i.e., the fragment velocity, density,
and spatial distribution obtained from one region are assumed to be equivalent
to those of the symmetrically located region. Because of the possibility of
irregular shell break-up in the nose and base aress, recovery boxes were placed
outside the velocity targets at the nose and base ends, The recovery area vas
divided into angular intervals or zones, numbered 1 through 19, from the nose to
the base of the shell. Zones 1 and 19 covered the angular interval 0° to 50 and
1759 to 180°, respectively, as measured from the axis at the nose. Zones 2
through 18 covered the angle from 50 to 175° for each interval of 10°, The extra
recovery boxes vere placed at the nose, to recover fragments in areas symmetric
t0 Zones 1 and 2, and at the base to recover fragments in areas symmetric to
Zones 18 and 19,

The velocity panels were painted with a rectangular grid system to aid in
locating hits on the film for velocity measurements.

A sketch of the test arena is lhown in Figure 1, Inclosure ).
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(U) FPROCEDURE FOR COLLECTING DATA

Weight of Fragments

After each round was detonated, the fregments were recovered from the
cellotex, located with regard to zone, end weighed to an accuracy of 1% or a
minimum of 0,01 grains.

Velocity of Fragments

High speed cameras (approximately 10,000 frames per second) vere positioned
80 a8 to view the dural targets. The flashes of the fragment impacts on the
dural were then recorded on the £ilm record along with a millisecond time base,
The f£lashbuldb backlighting provided an additional source of light and made
possidble the recording of impacts that were produced by fragments with velocities
t00 low (less than approximately 1700 fps) to produce a flash. The backlighting
also provided more even illunination of each perforation than that normslly
obtained from impact alone. The photographic velocities, Vp, were determined
from the time of flight for each fragment and the known travel distance, These
distances from surface of shell to the target were calculated in such & manner
that the error in the travel distance was lexs than +1%, The velocities were
then grouped into the same angular intervals as the fragment mass data.

A detailed description of the methods used in collecting and reducing
fragmentation data is contained in Report No. DXPS/APG Misc/306 dated September
1959.

(U) REDUCTION OF DATA

Initial Velocity of Fragments

The initial velocities, Vo, of the fragments for each angular interval were
obtained from the equation

ar

ml/3
ar

ml/3
T

vhere a s 12 K3 p x2/3 n

e
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The parameters needed to evaluate Vo by this relation were cbtained as
follows:

Vp = Photographic velocity (fps) is the median of the velocities for each
zone. These velocities were determined by the relation r/t where r was the
travel distance and t was the time of flight.

K3 - The value of Xg (Drag Coefficient) s .64 was obtained by determining
an average velue for K3 over the range of fragment velocities. K3 as a function
of Mach number for a particular shaped fragrent was obtained from BRL Report
Fo. M-915.

P = For air density a standerd value of .30433% grains/in.3 (standard at
APG) was adjusted to conditions e* the time of firing by using the relative air
dcnsity obtained from the Meteorological Section, Development and Proof Services,

K « The fragment shape factor K g 593 was calculated from a relationship
between K and C/m developed by Terminal Ballisties Laboratory, ERL. Iu the
relation C/m is the ratio of the charge to metal weight.

mp -~ The representative fragment weight, used in the equation was thet
fragment weight for which the total weight of all the mpaller fragments is one=-
hself the total weight recovered in a particuler zone.

Number and Density of Fragments

The scaled total number of fragments for each round was calculated from
the scaled fragment densities obtained from the recovery data., The total number
of fragments N was calculated by the equation

-
Ng2m[¢’(e) 5ine a ¢

a

vhere @ is the angle from the nose end of the ghell axis and G’ (@) 1is the scaled
number of fragments per unit solid angle for eachlD$ interval, The term "scaled"
refers to an adjustment of data based on the percent of recovery.

(U) RESULTS

The calculated results are tebulated for each round and for the three-
round average in Inclosure 2. The data are arranged in the form required by
the EDVAC code for the computation of lethal areas, The fragment spray density,
and the median initial velocity, Vo, are given for eachlO® interval from 0° to
1809, The mean, w, of the fragment weights, in each weight -interval and the ratio,
q; of the number of fragments in each weight interval to the total number of
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fragments in the angular interval are given for each weight and angular interval,
It should be poimted out that the values of veloeity, density, etc tabulated

for each angular intervael were computed from data obtained for s given angular

vidth. Therefore, these are considered to be average values applicable at the

midpoint of each angular interval i.e., values given for @ g 60° were derived
from data obtained from O @ 55° to O ¢ 659,

Graphs

. Graphs of the pertinent data: daistribution of fragment weight and mmber,
density, and velocity are presented in Figures 2.7, Inclosure 1,

(C) DISCUSSION OF RESULIS

The weights of the components of the three shell tested are given in the
following table: '

Weight in Pounds

Empty Shell Loaded Shell Comp B Fuze As Fired

22,16 32.25 10,39 1.5 34,06
22,04 32.h5 10,41 .51 33.96
21,63 32.15 10,52 1.51 33.66

Each test item was a two-plece shell of pearlitic malleable iron. The body
and base sections were jJoined Just forward of the rotating band. No weight data
were available on these separate parts of the shell,

The actual and integrated recovery datae are given for the three rounds in
the following table:

Actual Recovery

Total Wt. Total No.  Average Frag As Fired Metal
22 2] of f.rgl Wt. Gr. Parts wt. 1b,

1437h.22 1886 7.62 23,67

14593,25 1833 7.96 23.5
14691.29 18l T.98 23.13

C-k
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Integrated Recovery

Wt No. of Ave Freg Percent Sealed No.
No. Lbe Frags Wte Gr. Recovery of Frags

1 22,263 k90 ol,1 3384
2 21,165 595 89.9 21T
3 20.177 4,66 87.2 34787

Ave . 5011 9001“ 32115

The data above shows epproximastely 20% fewer fragments for Rd. No., 2
than the average of the other two rounds. A further separation was made to
more clearly define the differences in the scaled munber of fragments for the
three rounds.

Number and Percent of Fragments per Angular Intez"'vai

Rd, 0° - 75° 75%-115° 1159-1800
No. No. % of Total No., of Total No, of Tot

1l 1315 3.9 27691, 81.8 4836 14,3
2 2008 7.2 20392 73.6 5317 19,2
3 1296 3.7 28224 81.1 5266 15.1

As shown in the sbove tabulation, approximately 75% of the fragments
were in an angular interval extending from approximately 75%115°,

Also, a difference of approximately 8000 fragments is shown between
Rd. 2 and the average of Rds. 1 and 3 for this angular interval. Inasmuch as
about 40% of the fragments were in the smallest weight interval, Ol grains,
a tabulation of the number of fragments for the above angular intervals was
made excluding the fragments in the O-1 grain weight interval. These values
sre gliven dbelow.

Number of Fragments per Angular Intervel
(Excluding frags. weighing less than 1 gr)

Rd,  09-75° ©  750.1150 1150.180° 00-180°
_N_g:_ -)No. No. No. No.

1l 00 14873 2631 18204
2 01 13224 2676 16701
3 564 15539 3117 19220

From these data it is apparent that while there is shown to be a difference
in the number of fragments for the shell tested, most of this difference occurred
in the number of fragments weighing less than one grain, indicating that Rd. 2

. produced slightly heavier fragments.
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The initial velocities of the three rounds were in good agreement and had
a maximum average of value of 7300 fps at an angle of approximately 50, see
Figure 2, Inclosure 1. The velocities for the individual roungs actually ,
exh%bited two maximum values in this area, one occurring at 90  and the other at
110, Furthermore the maximum frepgment density occurred at an angle of approx-
imately 100° for all rounds. The variation between rounds in meximum fregment
density in the main spmay area (Figure 3, Inclosure 1) reflects the effect of the
small fragments, 0=l grains.

The plot of N(m) vs ml/ 2 see Figure 7, Inclosure 1, shows a good fit to
Mott's Law for fregments weighing less than approximately 250 greins, which
would include almost all of the fragments.

SUBMITTED:

: Xé)w’z’ c/)o &Wﬁ/‘”f"

Henry I¥ Barnhart
Mathematician

PEVIEWED: APPROVED:

O G, L Q. L

Jo E. Steedma A E. K
Chief, Ballistics Section Chief, Analytical Laboratory

Engineering laboratories
Supporting Services

Development and Proof Services
Aberdeen Proving Ground, Maryland

Inclosure 1
Figure 1 Sketch of Fmgmentation Arena
Figure 2 Plot of Initial Velocity, Vo’ vs angle ©
Figure 3} Plot of Fragment Densityc¢,vs Angle ©
Figure 4 Graph of percent Wt. and Wo. vs Wt. Interval
Figure 5 Plot of Scaled no, of Frags vs Angle ©
Figure 6 Plot of Accumulat.iyzNo. Vs Angle ©
Figure 7 Plot of N(m) vs m

Inclosure 2 ‘
Tabulated Data
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S S S eSS

I,

77777777777

0% — -
N
X

Velocity
Panels -/

X Indicates
camersa

X
Recovery Area
90°

50"

Zone numbers

Velocity Area

Anal Lab, Engr Labs, D&PS
Inclosure 1, Figure 1 C-7 Feb 60 HLB
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Percent Weight and Number (qm, qQp) Vs
Weight Interval
115-mm Shell, HE, XM378
Averagu of Ris.: 1, 2, and 3

25 40 60 80 100.150 200 300 500 1000 wp
‘Weight Interval, grains
Anal Lad, Engr Labs, DaPs
Fed 60 H>3
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H(m) vs 1d . 13
115-wn chell, HE, XM378
Avercpe of Rde lose: 1, 2 & 3

100,000 + Dates of Firing: b, 12, & 20 Nov 1959

10000 A

10 19 20 25

m-%, grains
N(m) s number of fragments of weight greater than m
Inclosure 1, Figure 7 c-13 Anal Lab, Engr Labs, Di4PS

Feb 60 HLB
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Fraguent Velocity and Density
Ave of Rds,, 1, 2, & 3 Dates of Firing: L, 12 & 20 Nov 1959

Vo
"Initial Velocity, Density
fos Frag/Steradian

2100

1950

42550

23200

3800

3000

4900

5550

6200

7300

6300

110 7200
120 4500
130 3150
4o k100
150 3300
160 3250
170 4350
180 4600

In the equation. -
T 13
] m
Vr s vO e ]
vhere Vy and Vo are velocities in feet per second,

m is weight in grains, and r is distance in feet,
as=s ,033 for standard conditions
Percent Recovery = 90.4

&Interpolated values

Anal Iad, Engr Lebs, D&PS
c-.Fed 60 HLB
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CONFIDENTIAL,

Fragment Velocity and Density

Round Number 1 - Date of Firing: U Nov 1959
VO o4
) Initial Velocity Density
Degrees fps Freg/Steradian

) 2000 1156
10 1950 129

20 0
82700 2l
3050 275
2,00 308
4800 199
5550 596
6200 2298
7400 6790
6150 15015
110 7300 1535
120 L4600 2036
130 3150 729
140 3750 522
150 3250 97
160 3150 3000
170 4050 3856
180 L350 6536

In the equation

m
V.=V, e ,

where ¥ and Vo are velocities in feet per second,
m is weight in%reins, and r is distance in feet,

a = ,033 for standard conditions

Percent Recovery = 94,1

%1nte rpolated values

Anal lab, Engr Labs
Jan 60 ° ’
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60-AL-18
al

Fragment Velocity and Density

Round Number 2 : Date of Firing: 12 Nov 1959
‘ Yo

e Initial Velocity, Density
Degrees fps Frag/Steradian
0 1700 21l
10 1850 731
20 0
30 3hoo 102
ko k150 403
50 2650 1
60 4550 468
70 5650 696
80 6100 1902
90 7050 4830
100 -11207
110 936
120 2080
130 822
140 259
150 331
160 2815
170 01
1%

In the equation _ _ar
m
Vr s Vo e 3

vhere Vy and V, are velocities in feet per second,
m ig weight in grains, and r is distance in feet,

a = ,033 for gtandard conditions
Percent Recovery = 89.9
8Interpolatsd values

Anal Iab, Engr Labs, D&PS
Feb 60 HLB
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.60-43'?—18

Fragment Velocity and Density

Round Number 3 - Date of Firing: 20 Nov 1959
vo [
e Initial Velocity, ., Density

Degrees - fps Frag/steradian

2250 1822
2000 317
2550 7n
0

3600 19
3750 181
5200 134
5400 791
6350 2173
7500 7280
6500 15776
6700 - 865
Lhs0 2305
3250 1149
k100 326
3150 289
3400 2523
k300 3666
L4750 9211

where V_and V_are velocities in feet per seccnd,
n is velght 1n%rains, and r is distance in feet,

a = ,033 for standard conditions
Percent Recovery = 87,2
8Fnterpolated values

Amal Lab, Engr lLabs, D&8
Jan 60 E'B
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